Results
The incidence of CNS was lowest in spermatozoa suspended in glucose solution in both prefreezing and postthawing samples, and it was significantly different (p<0.05) from that in solutions including chloride ions (Table 1) . Sodium citrate solution showed comparatively lower incidence of CNS than solutions including chloride ions, especially CaCl2 solution Acrosome is detaching.
•~5000. (prefreezing) and KCl and CaCl2 solutions (postthawing) (p<0.05). Differences in the incidences of CNS before and after freeze-thawing (i, e., mean increased percentages in CNS caused by freeze-thawing) tended to be larger in solutions containing chloride ions in comparison with those containing no chloride ion. In general, the normal acrosome was conical and had a smooth surface (Fig. 1) , but different kinds of abnormal acrosomes, such as separated (Fig. 2) , swollen (Figs. 3 and 6 ), detached (Fig. 4) , rough (Fig. 5) and disintegrated (Fig. 6) were found in both prefreezing and postthawing samples. These abnormal acrosomes frequently occurred in CNS as observed in Muscovy-drake spermatozoa4). The acrosomal deterioration was classified into three types; separation of acrosomes, swelling of acrosomes and "other abnormalities" including detached, rough and disintegrated acrosomes.
Incidence of the three types of acrosomal abnormality in prefreezing samples was very low (Table 2) . Total incidence in each sample was less than 1%, and no significant difference was found among samples.
However, incidence of acrosomal abnormality in each sample greatly increased after freeze-thawing (Table 3 ). The incidence of separation of acrosomes did not differ significandy among samples, but in spermatozoa suspended in sodium citrate solution, the incidence of swollen acrosomes was significantly lower (p<0.05) than in other samples, except for KCl solution.
For "other abnormalities", spermatozoa suspended in sodium citrate solu- tion showed the lowest incidence and spermatozoa suspended in glucose solution showed a remarkably higher incidence (p<0.05) than those in other samples. For all three categories of acrosomal deterioration, spermatozoa in glucose solution also showed significantly higher incidence (p<0.05) than those in other samples, but spermatozoa suspended in sodium citrate solution had a low incidence. The acrosomal damages caused by freezing and thawing are shown in Table 4 . Because of the very slight acrosomal deterioration in prefreezing samples (Table 2) , increases due to freeze-thawing (Table 4) are only slightly less than the incidences in postthawing spermatozoa (Table 3) .
In summary deterioration in acrosomes due to freeze-thawing was evident in all samples; but the increment was the highest in spermatozoa suspended in glucose solution, and it was lower in spermatozoa suspended in sodium citrate solution than those in NaCl and CaCl2 solutions.
Discussion LOVELOCK12), with reference to erythrocytes, stated that damage from freezing might result largely from increased concentration of extra-and intracellular electrolytes, since haemolysis of red cells became evident when the extracellular salt concentration exceeded 0.8M NaCl. A similar response was observed for spermatozoa in relation to increasing salt concentration13).
On the contrary, MERYMAN14) contended that the evidence substantiating the toxicity of salt at 0.8M concentrations per se was lacking.
Freezing damage seems to be caused by an osmotic pressure gradient, and does not result from any specific action of electrolytes, but from the excessive concentration of any non-penetrating extracellular solute14).
In the present study, the difference in the incidence of CNS between prefreezing and postthawing samples in non-electrolyte solution was smaller than in the electrolyte solutions (Table 1) . Moreover, the percentages of CNS in solutions including chloride ions tended to be comparatively higher than in solutions without chloride ion. Similar tendency was noted in differences of incidences in CNS between prefreezing and postthawing samples (Table 1) . From these results, it appears that a factor increasing the incidence of CNS is the elevated concentration of electrolyte (especially chloride ions) during the freeze-thawing process.
In our previous experiments5), it was considered that increased incidence of CNS might 
Summary
In a series of morpho-physiological studies on freezing injuries in fowl spermatozoa, the present study dealt with the influence of electrolyte and non-electrolyte on structure of unfrozen and frozen-thawed spermatozoa. Fowl spermatozoa were suspended in electrolyte (sodium citrate, sodium chloride, potassium chloride and calcium chloride) solutions and in a non-electrolyte (glucose) solution, and incidences of crooked-necked spermatozoa (CNS) and abnormal acrosomes were investigated to ascertain whether the increased incidence of CNS during the freeze-thawing procedure might be caused by the high concentration of chloride ion in media, and whether the acrosomal damage might be causes by increased osmotic pressure in media during the freezing process. The incidences of CNS occurring during the freeze-thawing process tended to be comparatively larger in spermatozoa suspended in solutions containing chloride ions than in those in solutions without chloride ion, although there were no significant differences between the former and the latter.
The deterioration in acrosomes due to freeze-thawing was evident in all samples, but were significantly higher in the glucose solution than in other solutions.
From these results, it is speculated that increased incidence of CNS during freezethawing is related to the high concentration of chloride ion in the media, and that the high osmotic pressure which is produced by concentration of solutes in media may cause the acrosomal damage.
